Aims: To investigate the effects of sodium-glucose co-transporter-2 (SGLT2) inhibitors vs. dipeptidyl peptidase-4 (DPP-4) inhibitors on renal function preservation (RFP) using real-world data of patients with type 2 diabetes in Japan, and to identify which subgroups of patients obtained greater RFP benefits with SGLT2 inhibitors vs. DPP-4 inhibitors.
inhibitors (P < 0.1): no hyperlipidaemia and eGFR ≥79 mL/min/1.73 m 2 ; eGFR ≥79 mL/min/1.73 m 2 and diabetes duration ≤1.2 years; eGFR ≥75 mL/min/1.73 m 2 and use of antithrombotic agents; and haemoglobin ≤13.4 g/dL and LDL cholesterol ≥95.1 mg/dL. In each profile, glycaemic control was similar in the two groups.
Conclusion: SGLT2 inhibitors were associated with more favourable RFP vs. DPP-4 inhibitors in patients with certain profiles in real-world settings in Japan. 1, 2 SGLT2 inhibitors also appear to have beneficial effects with regard to renal function. For example, in the EMPA-REG OUTCOME trial of patients with type 2 diabetes and high risk of cardiovascular events, significantly fewer patients in the empagliflozin group experienced incident or worsening nephropathy, or a doubling of the serum creatinine level accompanied by an estimated glomerular filtration rate (eGFR) of ≤45 mL/min/1.73 m 2 vs. placebo. 3 A subsequent analysis indicated that empagliflozin was associated with a reduction in intraglomerular pressure, which possibly contributed to the preservation of eGFR during chronic therapy. 4 Similar findings were also reported in the CANVAS study programme, which showed that canagliflozin was associated with an attenuated eGFR decline and a reduction in albuminuria compared with placebo. 5 These effects of canagliflozin were not modified by the baseline kidney function or history/high risk of cardiovascular disease in patients with eGFR ≥30 mL/min/1.73 m 2 at baseline. 6 These results were reiterated in a recent meta-analysis of 40 randomized controlled trials comprising 29 954 participants, which showed that SGLT2 inhibitors preserve renal function in patients with diabetes with or without renal impairment. 7 Six SGLT2 inhibitors (canagliflozin, dapagliflozin, empagliflozin, ipragliflozin, luseogliflozin and tofogliflozin) have been available for the treatment of type 2 diabetes for~5 years in Japan. These drugs showed good efficacy and safety as monotherapy or in combination with alternative oral antidiabetic drugs or insulin in clinical trials, and post-marketing surveillance studies. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] However, there is limited information regarding whether SGLT2 inhibitors help preserve renal function in Japanese patients in clinical practice. The aim of the present study, therefore, was to investigate whether SGLT2 inhibitors preserve renal function in Japanese patients with type 2 diabetes in real-world clinical practice. For this purpose, we analysed a large Japanese medical database using patients treated with dipeptidyl peptidase-4 (DPP-4) inhibitors as a reference group because these drugs have been available in Japan for~8 years, have a complementary mechanism of action to SGLT2 inhibitors and, in our experience, are widely prescribed to patients with type 2 diabetes in Japan. Indeed, a recent analysis of two Japanese clinical databases (Japan Medical Data Centre [JMDC] database and Medical Data Vision [MDV] database) showed that DPP-4 inhibitors were frequently prescribed in previously untreated patients (JMDC: 44.0%; MDV: 54.8%) and as part of combination therapy in previously treated patients (JMDC: 74.6%; MDV: 81.1%). 23 Adherence and persistence to DPP-4 inhibitors were also found to be high in both databases. Although prior studies have indirectly compared the effects of SGLT2 inhibitors and DPP-4 inhibitors on glycaemic control, body weight and cardiovascular events, 24, 25 none, to our knowledge, has compared their effects on renal function. Furthermore, the effects of DPP-4 inhibitors on renal function in clinical practice are not well established. 26, 27 The present study, therefore, offered us an opportunity to explore the effects of SGLT2 inhibitors and DPP-4 inhibitors on renal function in patients with type 2 diabetes.
Our primary objective was to identify which subgroups of patients may have better renal function preservation (RFP) with SGLT2 inhibitors than with DPP-4 inhibitors. Given the heterogeneity of patients with type 2 diabetes, it is likely that certain subgroups of patients may show better responses to SGLT2 inhibitors than to DPP-4 inhibitors; such information may help clinicians determine which class of drug might be more suitable for specific patients. We used a machine-learning algorithm 28 to identify the profiles of patients who were more likely to experience RFP with an SGLT2 inhibitor than with a DPP-4 inhibitor. For each of the profiles, we also evaluated whether the change in glycated haemoglobin (HbA1c) with an SGLT2 inhibitor was superior or equivalent to that achieved with a DPP-4 inhibitor.
To achieve these objectives, we extracted data from the Japanese MDV database, which has recorded health claims data and administrative data or diagnosis procedure combination data for over 20 million patients treated at over 300 acute care hospitals in Japan since April 2010. We identified patients treated with either an SGLT2 inhibitor or a DPP-4 inhibitor for at least 9 months whose renal function was measured after starting treatment.
| METHODS

| Ethics
As this was a retrospective study of anonymous data from an administrative database, ethical approval was not necessary.
| Data source
For the present study, we used the Japanese MDV database. Since April 2010, this database has collected health claims, administrative, and diagnosis procedure combination data for >20 million patients at >300 Japanese acute hospitals (20% of all acute care hospitals in Japan). The hospitals directly record data in the database. All of the hospitals participate in the diagnosis procedure combination/per-diem payment system in Japan, and the database broadly reflects the population of Japan in terms of age and gender distribution. The database does not show geographical bias because the participating hospitals are distributed throughout Japan.
| Study population
The following data were recorded in the database: age; sex; date of diagnosis; disease code; International Classification of Diseases 10th revision (ICD-10) code; drug name/class; date of prescription; medical procedure; date of visit; and laboratory test results. Using this database, we identified all patients aged ≥18 years with a diagnosis of type 2 diabetes mellitus (ICD-10 codes in Table S1 ), who had at least one prescription of any SGLT2 inhibitor or any DPP-4 inhibitor in the identification period (May 1, 2014 to September 30, 2016) , and had at least two valid creatinine values between 0.2 and 20 mg/dL taken 6 months before the index date (baseline) and 9 to 15 months after the index date (follow-up). Patients with at least one diagnosis code for type 1 diabetes mellitus were excluded. The index date was defined as the first prescription claim of a SGLT2 inhibitor or DPP-4 inhibitor in the identification period. We only included patients who were active in the database for ≥6 months prior to the index date. 
| Study outcomes
The index date was the date on which the SGLT2 inhibitor or DPP-4 inhibitor was first prescribed. Baseline was defined as the 6-month period prior to the index date. Patients were followed for 9 to 15 months from the index date (follow-up period).
Renal function was assessed in terms of the eGFR, calculated using the Japanese equation for eGFR 29 :
The available eGFR value recorded in the follow-up period was analysed; for patients with multiple eGFR values during follow-up, the value closest to 12 months was used. The study outcome, RFP, was defined as no change or an increase in the eGFR from the baseline value (last eGFR value recorded before the index date) to the value in the follow-up period. A decrease in eGFR from the baseline value to the follow-up value was defined as "no RFP".
Glycaemic control was assessed in terms of changes in HbA1c from baseline (ie, last value measured before the index date) to the follow-up value (value recorded 9-15 months after the index date).
| Data analyses
The data analytical approach is illustrated in Figure 2 .
First, we compared the baseline demographics and clinical covariates between the two groups using χ 2 tests for categorical variables and Student's t-tests for continuous variables to determine P values. In addition to P values, standardized differences were calculated to distinguish practical from statistical significance.
We performed the first step of multivariable analyses to compare RFP and HbA1c between the two groups using the full study cohort by applying logistic regression (for RFP) or Gaussian regression (HbA1c) models, adjusted for propensity scores, which were based on sociodemographic and clinical covariates. The following confounding factors were used to generate generalized propensity scores for each patient included in the multivariable analyses of RFP and HbA1c: age Next, we used the Q-Finder algorithm 28 Patients were randomly allocated to a learning dataset (70% of patients in the global dataset) or a validation dataset (remaining 30% of patients), stratified by treatment class. The Q-Finder algorithm was applied to the learning dataset to generate profiles. The profiles obtained in the learning dataset were selected based on the following statistical indicators: sample size of ≥10%; homogeneity of class repartition between the profile and the learning dataset (±10%); a significantly better RFP as a "class effect" (ie, SGLT2 inhibitor effect greater than the DPP-4 inhibitor effect within the profile with an adjusted odds ratio [aOR] ≥1.5); a significantly better RFP as a "class benefit" (SGLT2 inhibitor effect vs DPP-4 inhibitor effect that was greater within the profile than outside the profile with a ratio of aORs of ≥1.5). To control for confounding factors, the logistic/Gaussian models for class effect and benefit included propensity scores. Next, these statistically robust profiles were reviewed by medical experts to narrow down the profiles to those considered to be clinically relevant. Finally, the top profiles from the learning dataset (ie, those that were both statistically robust and clinically relevant) were applied to the validation dataset. For validation, we examined the same statistical indicators as in the learning dataset. Moreover, to test for statistical significance, in addition to determining the P value as above, we also performed multiple test correction using the Benjamini-Hochberg procedure with significance defined as a risk level of <10%. Profiles that showed significance in the validation dataset were considered final profiles, and are presented in this report.
The final profiles were then applied to compare the change in HbA1c to investigate whether the change in HbA1c in the SGLT2 inhibitor group was superior to or equivalent to that in the DPP-4
inhibitor group within each profile. Sensitivity analyses were also done in which the definition of RFP was expanded to a difference in eGFR between baseline and follow-up of greater than −5%. This definition was applied to the four selected profiles using the learning, validation and global datasets.
3 | RESULTS
| Patients
Among 772 121 patients with type 2 diabetes in the MDV database in the study period, a total of 5247 satisfied the eligibility criteria, of which 990 were treated with an SGLT2 inhibitor and 4257 were treated with a DPP-4 inhibitor (Figure 1) . Tables S2 to S6 summarize the patients' baseline characteristics, antidiabetic therapy, medical history, medical therapy and baseline laboratory variables, respectively.
There were statistically significant differences between the two groups for several baseline variables. Of particular note, the SGLT2 inhibitor group was younger (mean age 58 vs. 69 years; P < 0.0001), had a longer duration of diabetes (mean 7 vs. 5 years; P < 0.0001),
were heavier (mean body weight 78 vs. 61 kg), and included a greater proportion of outpatients at baseline (93% vs. 74%; Table S2 ).
In terms of antidiabetic therapy (Table S3 ), a greater proportion of patients in the SGLT2 inhibitor group were on two or more oral antidiabetic drugs at baseline (53% vs. 10%), with a mean of 2.2 vs. 0.5 oral antidiabetic drugs (P < 0.0001), with significant differences in the prior use of biguanides (64% vs. 16%; P < 0.0001), and sulphonylureas vs. 13%) was significantly lower in the SGLT2 inhibitor group (Table S4) .
Consistent with the differences in comorbidities and medical history, there were some differences in the medical therapies prescribed to both groups (Table S5 ) and laboratory variables (Table S6 ). Table S6 , baseline eGFR was higher in the SGLT2 inhibitor group (76.0 vs. 65.7 mL/min/1.73 m 2 ; P < 0.0001). Baseline
As indicated in
HbA1c was significantly greater in the SGLT2 inhibitor group (8.3 vs. 7.7%; P < 0.0001) and a higher proportion of patients had HbA1c
≥7% at baseline in that group (87% vs. 63%; P < 0.0001). There were also significant differences in other laboratory variables, reflecting the differences in comorbidities and medical histories between the two groups.
| Multivariable analysis of RFP and HbA1c in the full study cohort
We performed multivariable analysis in the full cohort of 5247 patients to compare the proportions of patients with RFP and the mean change in HbA1c between the SGLT2 inhibitor and DPP-4 inhibitor groups, with adjustment for baseline confounding factors using propensity scores. As illustrated in Figure 3A , patients were more likely to achieve RFP in the SGLT2 inhibitor group than in the DPP-4 inhibitor group (aOR 1.27, 95% confidence interval
[CI] 1.05-1.53; P = 0.0116, c-statistic = 0.89). By way of comparison, the unadjusted odds ratio (OR) for RFP was 1.17 (95% CI 1.01-1.34; P = 0.031). The adjusted mean change in HbA1c was nearly identical in both groups ( Figure 3B ). (Table S7 ). The class effect (aOR) ranged from 2.2 to 2.7, and class benefit (ratio of aORs) ranged from 2.0 to 2.4 in the learning dataset. Similar values were obtained when these profiles were applied to the validation dataset. The Benjamini-Hochberg P values were <0.1 for the class effects for all four profiles and for the class benefit for profile A in the validation dataset, validating these profiles identified using the learning dataset. The c-statistics ranged from 0.79 to 0.82 in the learning dataset and from 0.80 to 0.84 in the validation dataset. The other eight profiles that were evaluated are listed in Table S8 .
| Profiles for RFP
Sensitivity analyses using the expanded definition of RFP yielded consistent results with the primary analysis in terms of class effects and class benefits for the four selected profiles (Table S9 ).
| Profiles for HbA1c change
For the profiles described in the previous section, we also considered glycaemic control in terms of the HbA1c change. There were no significant differences in the change in HbA1c between the two treatment groups in any of the four selected profiles ( 
| DISCUSSION
The current guidelines developed by the Japanese Diabetes Society recommend that the type(s) of glucose-lowering agents should be individualized for each patient according to the disease characteristics as well as the pharmacological and safety profiles of each drug. 30 In the present study, we observed marked differences in the baseline characteristics of patients treated with SGLT2 inhibitors or DPP-4 inhibitors in real-world settings in Japan, suggesting that SGLT2 inhibitors are often used later in the treatment regimen. We also speculate that clinicians favoured SGLT2 inhibitors in patients with hypertension and obesity in this real-world setting, after considering the effects of SGLT2 inhibitors on lowering blood pressure and body weight reported in international studies 31 and in Japanese studies. 32, 33 Clinicians might also be delaying SGLT2 inhibitors owing to potential concern about safety. 34 These differences in baseline characteristics should be considered when interpreting data from real-world clinical practice.
Many patients with type 2 diabetes experience progressive renal function decline, nephropathy and chronic kidney disease. Recent studies have indicated that SGLT2 inhibitors may help to preserve renal function. 35 We investigated whether subgroups of patients treated with was 42%, which was not markedly different from that in previous studies. 3, 5 The third patient profile identified in this study, eGFR ≥75 mL/min/1.73 m 2 and treatment with an antithrombotic agent, was perhaps unexpected. To our knowledge, few studies have assessed the impact of antithrombotic agents on renal function. Diabetes mellitus is associated with hypercoagulability and platelet activation, which might contribute to renal microvasculature disorders. 36 A recent study revealed that cilostazol attenuated the deterioration in albuminuria over 52 weeks in patients with type 2 diabetes 37 ; therefore, it is possible that antithrombotic agents attenuate the decline in renal function by reducing thrombosis and vessel occlusion in the kidney. Further studies may be necessary to investigate this possibility.
We used the Q-Finder algorithm, 28 a supervised learning algorithm, to identify which patient profiles were more likely to show better RFP with SGLT2 inhibitors. After applying the Q-Finder algorithm and reviewing the profiles, we found four profiles that showed class effects and class benefits favouring SGLT2 inhibitors over DPP-4 inhibitors in terms of RFP. It is perhaps notable that three of the four profiles included eGFR as a factor, and suggest that patients with higher baseline eGFR (≥75 or ≥79 mL/min/1.73 m 2 ) in combination with the second factor are more likely to experience RFP with an SGLT2 inhibitor than with a DPP-4 inhibitor. Intriguingly, the change in HbA1c was similar between the two classes of drugs in each of the four profiles, suggesting that the benefit of SGLT2 inhibitors on RFP is associated with a similar change in glycaemic control relative to that observed with DPP-4 inhibitors. These results should provide reassurance that the RFP benefit is accompanied by comparable glycaemic control in patients satisfying the criteria of these profiles.
The present study highlights the use of the Q-Finder algorithm 28 to identify patient subgroups likely to experience a clinical benefit from a specific treatment, in this case RFP, during treatment with an SGLT2 inhibitor versus a DPP-4 inhibitor. We believe the approach used in this study is strengthened by combining a supervised learning algorithm for initial profile screening followed by expert review to evaluate the clinical relevance of the profiles.
It is important to consider the limitations of the present study, which include the smaller number of patients in the SGLT2 inhibitor group, which may have affected statistical power. It is also possible that the propensity score analysis may not fully account for (or exclude) any bias,
given that there were marked differences in baseline characteristics, including general demographic characteristics and treatment history, between the two groups. Future studies of patients matched according to baseline characteristics/disease/treatment factors might be necessary to confirm the present findings. Further, as the MDV database comprises patients treated at large acute care hospitals in Japan, it may not be fully representative of patients treated in other clinical settings in Japan; therefore, the profiles obtained using the MDV database could be validated using other data sources. Because the creatinine value was measured up to 6 months before the index date, the baseline eGFR value included in the analysis may not reflect the patient's true baseline at the start of treatment. The primary outcome of the study was RFP, which was defined as no change or an increase in eGFR at 12 months (9-15 months) after the index date. The study used a fixed follow-up approach and required patients to continue treatment for at least 9 months. This could lead to selection bias because the patients included in the study are more compliant/persistent and are likely to have better outcomes than the general population of patients with type 2 diabetes. It is also possible that the observation period (9-15 months) may have been too short to detect significant worsening of renal function in many patients. In addition, we cannot exclude possible washout or persisting effects of other prior or ongoing treatments. We also acknowledge that some patient characteristics and laboratory data were not entered by the hospital into the MDV database, resulting in some missing data. All diagnoses were identified using ICD-10 codes. However, the claims data did not always include the actual diagnosis name, which possibly led to misclassification of diagnoses. Finally, we did not include administration of a number of therapeutic classes of drugs, such as non-steroidal anti-inflammatory drugs, which may themselves have nephrotoxic effects.
In conclusion, to our knowledge, this is the first study to investigate the profiles of patients who are likely to experience preservation of renal function during treatment with an SGLT2 inhibitor rather than with a DPP-4 inhibitor in real-world clinical practice. Our findings may help guide clinicians in their treatment decisions and identify which patients may benefit more from SGLT2 inhibitors. Our results also highlight the need to adjust for differences in baseline characteristics when comparing the effects of different classes of antidiabetic drugs in real-world studies, particularly in large-scale medical databases.
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